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ABSTRACT

The starch digestibility of sorghum and millet flours was studied using 1 % suspensions of sorghum and millet

flours. The two suspensions were exposed to an enzymatic hydrolysis by glucoamylase. After two hours the digested

starch was measured. At these conditions the starch digestibility of both flours is approximately 36.4 % for sorghum and

36.8 % for millet. After that the two flours were pretreated with hexane to remove some lipids. The starch digestibility was

estimated as 36.6% for sorghum and 36.2% for millet. Then some proteins were removed using a pretreated flours with the

pepsin enzyme and the starch digestibility was estimated as 56.6 % for millet and 55.4 % for sorghum. After that the two

suspensions were treated with hexane and pepsin. An increase of the starch digestibility was observed in both samples, 87.6 %

for sorghum and 84.5 % for millet. Finally, after starch isolation, the starch digestibility increased to 89.5 % for sorghum

and 89.7 % for millet.
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INTRODUCTION

Sorghum and millet are an important source of
dietary energy and the starch represents the major source
in these cereals that are well adapted to African and
Asian semi-arid and subtropical agronomic conditions
[1]. Amylases are the enzymes that hydrolyse starch
contained in foods. The rate of starch digestibility can
be estimated in vitro [2]. The starch digestibility of both
cereals depends on the presence of reducing agents such
as proteins, lipids, fiber and the chemical and physical
characteristics of cereal starch [3]. The effect of amylase-
lipid complex on the gelatinization of starch [4], as
well as the reducing impact of proteins on digesting
enzymes of starch, reduce the contact between enzyme

and substrats. The sorghum grain displays a low
digestibility of starch due to the endosperm proteins [5]
and the presence of fibres, polyphenol compounds,
resistant starch and Kafirins protein [6,7]. Zhang and
Hamaker demonstrated the effect of protein of cooked
sorghum flour on the alpha amylase digestibility [§].
Elkhalifa at al. detected the increasing effect of
fermentation and the decreasing effect of resistant starch
on the sorghum starch digestibility [9]. The digestibility
of foods (wheat, rice, etc.) was inversely related to the
proteins, fats and the total dietary fiber contained in the
foods [10].

The main objective of this study is to evaluate
the starch digestibility of sorghum and millet grain
cereals, grown in the south of Algeria, and to demonstrate
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the influence of some factors on the kinetics of the hy-
drolysis.

Our research progressed as follows: first, several
samples of sorghum and millet flours were prepared.
Then the samples were exposed to different
pretreatments and finally the starch digestibility by
glucoamylase enzyme was measured.

EXPERIMENTAL

Substrates and enzyme

Sorghum (Sorghum bicolor (L.) Moench) and
millet (Pennisetum glaucun) grains cultivated in Tidikelt,
a hyper arid region situated in the south of Algeria,
were purchased from the 2005 harvest. All chemical
products were Sigma Chemical Co. (St. Louis, MO) and
Merck certified grade. The enzyme amyloglucosidase
from Rhizopus Mold A7255, was Sigma, 23.000 U/g
solid of enzyme. Enzyme pepsin was prolabo, 94120,
100 U/mg.

Chemical composition of sorghum and millet flours

We relied on several methods for the estimation
of the chemical composition. Ash was measured by NF
03-720 (1981) method described in [11]. Soluble sugars
were determined by extraction with alcohol and
measured with phenol-sulphuric acid method [12]. Pro-
tein content estimation was based on the Kjeldhal method
ISI 24-1. The total lipid estimation was based on the
method described in [11], ISO 3947. Insoluble fibres es-
timation was done by Van Soest method [12]. The total
humidity was estimated according to ISI 01-1. The total
starch content in the flour samples was measured by
the enzymatic method [13].

Flour sample preparation (sample 1)

Flour samples from sorghum and millet grains
were prepared by milling through a 500 um screen Retsch
AS200 type using a sample mill IKA labotechnik A10.

Sample preparation of protein isolated from sorghum
and millet flours (sample 2)

The method used for the pepsin pretreatment of
sorghum and millet is given in [14]. Flour samples
(equivalent to 2.6 g of starch) were incubated in pepsin
solution (0.4 g of enzyme in 100 ml of distilled water)
in 250 ml batch reactor. Then 0.1 N hydrochloric acid
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was added to pH 2.5 for 2 h at 50°C. By the end of the
reaction the mixture was filtered and the solid residue
was dried in the drying oven at 40°C. The residue was
used for the starch digestibility determination.

Sample preparation of lipid isolated from sorghum
and millet flours (sample 3)

The method used for a total lipid extraction was
described by [15]. Quantity of 2 to 5 g of flour was put
in a sample tube used in a Soxhlet extractor of the fat,
were shaken for 20 min, each time 10 ml of hexane was
added in 35°C. The solid material of the tube was
extracted and dried at 40°C overnight to evaporate the
solvent.

Sample preparation of protein and lipid isolated from
sorghum and millet flours (sample 4)

The protein and lipid were removed by the
methods mentioned previously.

Sample preparation of starch isolated (sample 5)

Starch was isolated from the sorghum and millet
cultivars by alkali extraction as proposed in [16,17] with
few modifications. 10 g of grains were steeped in 20 ml
of 0.25 % (w/v) NaOH for 48 h. They were washed and
then crushed using a sample mill IKA labotechnik A10.
The suspensions were passed through a set of sieves (80,
100 um). The filtrates were centrifuged (30.000 tour/min
during 10 min). The layer of the residual proteins was
scraped each time. The extract was then dried at 40°C
overnight.

Digestibility test

The enzymatic digestibility of substrats was tested
by the method described in [18]. A commercial
crystalline glucoamylase enzyme of Rhizopus mold,
which has high affinity to raw starch, was utilized for
the digestion experiments. A reaction mixture consisting
0.13 g equivalent of starch and 6 ml of distilled water
in the tubes was placed in a water bath at 100°C for 10
min to obtain the starch suspension. After that the
samples were cooled to 40°C for 10 min, then 3.5 ml of
100 mM acetate buffer (pH 5.0) and 3.5 ml of
glucoamylase solution (5 unit) were added. The samples
were incubated at 40°C for 2 h with stirring. After
digestion, surplus starch was removed by centrifuge
(4350 tour/min during 10 min), and the contained
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glucose of the filtrate was analyzed using the glucose
oxydase-peroxidase method [19]. The percentage of
starch is counted by multiplying the glucose percentage
with the factor 0.9. The reported values are the means
of triplicate measurements.

Statistical Analyses

Each experiment for digestibility test included
three replicates. The difference of means were
determined using Student’s t-test. Values of P < 0.05
were considered statistically significant. The results were
evaluated for significance by analysis with SPSS V.13.

RESULTSAND DISCUSSION

Chemical Composition of sorghum and millet flours

Table 1 demonstrates the chemical composition
of sorghum and millet flours. The estimated values for
the chemical composition of sorghum and millet flours
shown in Table 1 are 65 % for total starch, 11-13 % for
protein and 4-6 % for lipid. By comparing the results of
Barikomo et al. for sorghum and millet cultivated in
Mali, the percentage of protein is 10.3 % for sorghum
and 7.2 % for millet, the starch content is 65.6 % for
millet and 73.5% for sorghum [20]. These results indi-
cate that the proteins and lipids have been affected the
starch digestibility of sorghum and millet by
glucoamylase.

Digestibility test of samples

The ability of the amyloglucosidase to digest dif-
ferent sorghum and millet flours was studied using
different treatments (flours, flours treated by pepsin
enzyme, flours treated by hexane, starch, flours treated

by pepsin enzyme and hexane solution, raw starch), the
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Table 1. Chemical composition of sorghum and millet flours.

Composition, % Sorghum flour Millet flour
humidity 9.81 9.37
ash 1.61 2.04
soluble sugar 2.48 3.63
insoluble fibres 5.52 6.64
protein 1227 11.17
lipid 4.37 6.64
total starch 66.37 65.21
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Table 2. The in vitro starch digestibility of sorghum flours at different treatments.

Sample Starch initial weight, | Starch digested weight, mg (a) | Index digestibility, %
mg (b)
SR1 10 3.64+0.10 36.4
SR 2 10 5.54+0.47 55.4
SR 3 10 3.66+0.10 36.6
SR 4 10 8.76+0.29 87.6
SRS 10 8.95+0.40 89.5

Table 3. The in vitro starch digestibility of millet flours at different treatments.
Sample Starch-initial-weight, Starch-digested: Index-digestibility,
mg weight, mg %

ML1 10 3.68=0.10 36.8
ML2 10 5.66+0.48 56.6
ML3 10 3.62+0.19 36.2
ML4 10 8.45+0.20 84.5
MLS5 10 8.97£0.30 89.7

results are presented in Table 2. Fig. 1 demonstrates in
vitro starch digestibility of sorghum starches at differ-
ent treatments. Table 3 and Fig. 2 present in vitro starch
digestibility of millet starches at different treatment.

The digestibility of sorghum flour is 36.4 % and
36.8 % for millet as compared with the results of Snow and
O’Dea, the starch hydrolysed of barley flour is 15.06 %,
rolled wheat 5.05 % and rye flour 18.63 % [21]. After
hydrolysis by amylase and glucoamylase at 50°C for 30
min the digestibility of wheat flour by glucoamylase
enzyme is 15 % [18]. This comparison indicates that
our sorghum and millet flour are highly hydrolysed in
vitro by glucoamylase.

The results indicate that the amyloglucosidase is
able to hydrolyse rapidly the starch of sorghum and

millet (the sample 5, starch isolation) giving 89.7 %
extent of digestibility for millet and 89.5 % for sorghum.
The presence of protein in sorghum and millet flours
have an impact on the starch digestibility by
amyloglucosidase enzyme at different pretreatments,
where the digestibility was more increased after re-
moval of some proteins by pepsin (sample 2), 56.6 %
for millet and 55.4 % for sorghum, respectively. The low
starch digestibility of cooked sorghum flours was stud-
ied by Zhang and Hamaker [8].

Effect of the protein and the lipid on the starch di-
gestibility

The influence of the protein and the lipid on the
starch digestibility is illustrated in Table 4. According

Table 4. The impact of protein and lipid on sorghum and millet samples.

Impact of protein (%) Impact of lipid (%)
(a) ()
sorghum 52.9 33.2
millet 533 34.1

(a) impact of protein is the relative digestibility of sample (5) minus

the index digestibility of sample (3);

(b) impact of protein is the relative digestibility of sample (5) minus

the index digestibility of sample (2).
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to the impact of protein and lipid of the sorghum and
the millet samples, we notice the that the digestibility is
increasing after the removal of some protein and lipid
and the impact of protein is 53 % and of lipid is 34 %.
These findings indicate that the protein of sorghum and
millet plays an important role in slowing the starch di-
gestion.

Generally, we can say that the physico-chemical
treatment of sorghum and millet flours plays a role in
the industrial processes to convert the starch into
dextrines on glucose sugar and influences the hydrolysis
of starch by glucoamylase enzyme.

CONCLUSIONS

Based on the results, we deduced that the pre-
treatments effectuated on sorghum and millet flours has
a clear impact on the digestibility. Also, the presence of
proteins had a greater impact in lowering the starch
digestibility than lipids. Their presence reduces the
digestibility as a resistant wall and hindered the passage
of the enzyme solution to starch. They increase the
susceptibility in the case of isolated starch (sample 5).
Besides the starch in sorghum and millet has a great
digestibility by glucoamylase (>89 %).
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